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Interaction Between Virus Transmission Variation and Population Crossover
Activity and Diffusion Model

Abstract

Abstract: In view of the current high incidence of human-to-human infectious viruses, a multi-agent
simulation and deduction model was proposed and designed based on the random characteristics of
virus transmission variation and the influence of population crossover activity. The external pathogenicity
and infectious characteristics of the virus and the external activities and immune characteristics of the
human were quantified, and the interdependence and confrontation process between the virus and the
human were modeled. The development trends and statistical characteristics of a large number of
viruses and humans were deduced through the model. The experimental analysis reveals that the
randomness of the variation direction of a single virus does not affect the certainty of the development
direction of the virus population variation. In other words, the pathogenicity intensity of the virus
population continues to decrease until it stabilizes in the low-value range, and the infectious intensity of
the virus population continues to increase until it stabilizes in the high-value range. The key external
parameters that affect the virus transmission variation process are given, which can provide policy
recommendations for the early prevention and control of highly pathogenic viruses.
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http: // www.china-simulation.com

° 1724

https://dc-china-simulation.researchcommons.org/journal/vol36/iss7/17
DOI: 10.16182/j.issn1004731x.joss.23-0478

12



36 %57 Vol. 36 No. 7
2024 4 7 1 T8, &5 PR 5 AR XOEBNA EL5 M S B AL 7L Jul. 2024
pHL EyLis $34e Sakt
10 60
& # 20 & F 50
< 3 < & &
O 0123456780910 0123456780910 0T 23456780910 0123456780910
et et flegett flegett
sk sk _— -
Hiske 200 I s 400 8H
= 100 ® w200 =
& 50 & 100 < 100 Z 200
O T23456780910 012345678010 0123456780910 0 0123456780910
feipk f gt i etk 1l Gtk
500 okt 105 5204 4110 54046
= 5 % 5 5000 %,
< < & &
0123456780910 012345678910 0123456780910 0123456780910
et thiett fhiett fhiett
%10°* 5604 %10° 5510046 %10° 515046 %10°* 5520046
10
5 S & & s s O
& & & o
O 0123456780910 O 0123456780910 012345678910 O 012345678010
e Gtk e Gtk e Gtk e Gtk
5210° 52504 410 530048 %10* 53504 %10* 54004
& & 5 & 2 ® 2
< < < <
0123456780910 0123435678910 0123456780910 T 2345678910
e Gtk Al etk Al etk Al etk
%10 54504 5 x10° 55004 , 10 55504 %10 56004
x 2 L o 10000
& 1 < & <
0 0123456780910 0123456780910 0123456780910 O T 23456780910
et et fe et bt
K7 R AR AL JebE infect inten B4R (b B4 (SLIR1T)
Fig. 7 Overall change trend of infectious infect_inten of virus population (experiment II)
x10* x10*
4.0 6
3.0 3
i) o 4
& 2.0 = 3
®
1.0 1
2
0 g s .
P > 200 300 4 PN 200 300 40
e 7o 100 epoch 4 100 epoch

Yu et al.: Interaction Between Virus Transmission Variation and Population C

8 node AL ) A% YLk o 5 R AR AL 35 (SR )

Fig. 8 Change trend of infectious intensity of

node-infected virus (experiment II)

K19 node AL 5 RO 1 9 5 PR A2 AL 34 (SR )

Fig. 9 Change trend of pathogenicity intensity of

node-infected virus (experiment II)

http: // www.china-simulation.com

* 1725

Published by Journal of System Simulation, 2024

13



536 B4 7 0] ARG HA AR Vol. 36 No. 7
2024 47 H Journal of System Simulation Jul. 2024
20 ke 5 2kt 3k 100 4kt
& & & 100 )
& 10 & & 50 < %0
23456780910 0123456780910 23456780910 O 123456780910
Bowitk BowiTE BowTE Bowitk
200 $5he ekt $7%e S8
= & 200 & 200 & 200
F 100 < 100 < 100 & 100
23456780910 0012345678910 0012345678910 0 9123456780910
Howitk otk otk otk
ok 105 5204 5405
# 200 200 7 100 i 5000
& 100 & < 500 <&
012345678910 0012345678910 0123456780910 0012345678910
itk o Tk Howitk Bowi Tk
5 x10° #6044 $x10° 510048 *10° H$i150% %10 #2004
e =4 & S ® S
< ! & & &
7012345678910 0012345678010 0012345678010 0 0123456780910
Bowitk BowitE BowtE Bow T
%10* 52504 x10° 30046 %104 35048 %10 #4004
g ° 3 ® S S
< & < b
0012345678910 " 0123456780910 0 0123456780910 0123456780910
Btk o Tk ot o Tk
%10* 45045 x10* #500%8 %10* #5504 x10¢ 60045
g 3 g s O & S
< < bl pa
0012345678910 0123456780910 7012345678010 0 0123456780910
otk otk otk Bow T
K10 R REHAEURYE patho_inten FEAR ARk 34 (SLIGTIT)
Fig. 10 Overall change trend of pathogenic patho_inten of virus population (experiment III)
20 EaE Sl 200 34 200 iakt
50
fj‘ 10 ff ff 100 f 100
23456780910 12345678910 12345678910 0123456780910
et flet flet et
st ok 78 sk
5 200 o % 200 et = 400 . 500 st
£ 100 < & 200 <
23456780910 0123456780910 123456780910 O 12345678910
fle etk fle et etk etk
ok \ 1206 s \
00 ok - 5105 ﬁ4000 52048 . 510 5405
& B E 3
bl < L2000 <!
0123456780910 0123456780910 012345678910 012345678910
fle etk fe etk fle etk e Gtk
S$x10° H604: 1o 10* 510048 x10% $i150% 10710* $5200%
3 10 3
Z 2 s Z5 Z s
123456780910 O 0123456780910 0012345678910 O 0123456780910
etk etk etk etk
10X10* 52504 10510 53005 x10* 535068 x10* #4004
10
3 10
2 s g s g s g
T 23456780910 0123456780910 0912345678910 0123456780910
fle etk fle etk e etk fle etk
%10* #4504 %10* 55004 %10* H5550%¢ x10¢ 6004
10 10 10 10
Z 2 s g s 2 s
0 012345678910 0012345678910 123456780910 0012345678910
fle etk fle etk fle etk F etk
BT i s B AR AL et infect_inten BERAR (b 34 (SZLRTIT)
Fig. 11  Overall change trend of infectious infect_inten of virus population (experiment III)

Journal of System Simulation, Vol. 36 [2024], Iss. 7, Art. 17

http: // www.china-simulation.com

* 1726 ¢

https://dc-china-simulation.researchcommons.org/journal/vol36/iss7/17
DOI: 10.16182/j.issn1004731x.joss.23-0478

14



Yu et al.: Interaction Between Virus Transmission Variation and Population C

36 555 7 Vol. 36 No. 7
2024 4E 7 A T, & BRSNS SUES) IR B 520 K4 SO A 7t Jul. 2024
%10 MG RSO BB 5 N TEREAR AN FERREAH

i
&

Jo=Nw aruR

600

0500
) 300 40
gy 7200 w0 20

epoch

K12 node /8% 54 2 ) B0 P 5 1O A2 AL 35 (SEERTID)
Fig. 12 Change trend of pathogenicity intensity of
node-infected virus (experiment I1I)

K13 node /8% 5L 2 ) A G 5 1O AZ AL Ha 35 (S AR TID)
Fig. 13 Change trend of infectious intensity of
node-infected virus (experiment I1I)

4 Zw

ARICE SR TR AT R I R A A A AX
TR BRERFIE R AR R ZROE PEHERT 45 ) 1 B A K
eI 3 o (5 R PR E VEHE R SR T E
W5 NHERE AR 2 TR B3k 6 AR B 20 1) R R %
AWM REE RS, kit B, @i
TR RS N RSN R AL, G AR Y
D7 FURE ST 1 B AR S AR PR SRR AR AR A
SO SR B R AR o B R HEVEAS O R A
A FR 0 T 55 AR AR A 4 e T AN A% ek aR R AR
waH g, Won TR N A TR R
o LSO 5 AN AR Qe SR R B N AR T, A
UE 7 ARSCHT IR ) PR, RV & AR 5 AR
PR R I LI RE T, 5 35 A 1 B0 k5
JETARAR DX TR SR R 55 A% Bk o6 P2 1) e B IX
IS . AR, JEE AR R 12
FRAE, MR HRR TGRS N ECR R

TEF BT B A, 45t T R & A SCR e A
RT3/ (0 1 e P9 B 1) A% i R e 355 00000 A0 41 5 B
IS (R A

EEPE N

[1] Belser J A, Maines T R, Tumpey T M, et al. Influenza a
Virus Transmission: Contributing Factors and Clinical
Implications[J]. Expert Reviews in Molecular Medicine,
2010, 12: e39.

[2] John Yin, McCaskill J S. Replication of Viruses in a
Growing Plaque: A Reaction-diffusion Model[J].
Biophysical Journal, 1992, 61(6): 1540-1549.

[3] Mark Newman. Networks: An Introduction[M]. Oxford:
Oxford University Press, 2010.

[4] Maia Martcheva. An Introduction to Mathematical
Epidemiology[M]. Boston: Springer US, 2015: 9-12.

[5] Ciupe S M, Ribeiro R M, Nelson P W, et al. Modeling
the Mechanisms of Acute Hepatitis B Virus Infection[J].
Journal of Theoretical Biology, 2007, 247(1): 23-35.

[6] Min Lequan, Su Yongmei, Kuang Yang. Mathematical
Analysis of a Basic Virus Infection Model with
Application to HBV Infection[J]. Rocky Mountain
Journal of Mathematics, 2008, 38(5): 1573-1585.

[7] Pang Jianhua, Cui Jingan, Zhou Xueyong. Dynamical
Behavior of a Hepatitis B Virus Transmission Model with
Vaccination[J]. Journal of Theoretical Biology, 2010, 265
(4): 572-578.

[8] Zhao Shoujun, Xu Zhiyi, Lu Ying. A Mathematical
Model of Hepatitis B Virus Transmission and Its
Application for Vaccination Strategy in Chinal[J].
International Journal of Epidemiology, 2000, 29(4):
744-752.

[9] Smith A M, Perelson A S. Influenza a Virus Infection
Kinetics: Quantitative Data and Models[J]. WIREs
Systems Biology and Medicine, 2011, 3(4): 429-445.

[10] Khalid Hattaf, Noura Yousfi. Global Dynamics of a
Delay Reaction-diffusion Model for Viral Infection with
Specific Functional Response[J]. Computational and
Applied Mathematics, 2015, 34(3): 807-818.

[11] Nikolai  Bessonov, Gennady Bocharov, Andreas
Meyerhans, et al. Nonlocal Reaction-diffusion Model of
Viral Evolution: Emergence of Virus Strains[J].
Mathematics, 2020, 8(1): 117.

[12] Shahram Rezapour, Hakimeh Mohammadi, Amin
Jajarmi. A New Mathematical Model for Zika Virus
Transmission[J]. Advances in Difference Equations,
2020, 2020(1): 589.

http: // www.china-simulation.com

e 1727

Published by Journal of System Simulation, 2024

15



Journal of System Simulation, Vol. 36 [2024], Iss. 7, Art. 17

H36 B T
2024 %7 H

[13] Tiago Yuzo Miyaoka, Lenhart S, Jodo F C A Meyer.
Optimal Control of Vaccination in a Vector-borne
Reaction-diffusion Model Applied to Zika Virus[J].
Journal of Mathematical Biology, 2019, 79(3): 1077-
1104.

[14] Fang Zhiming, Huang Zhongyi, Li Xiaolian, et al. How
Many Infections of COVID-19 There Will be in the
"Diamond Princess" -predicted by a Virus Transmission
Model Based on the Simulation of Crowd Flow[EB/OL].
(2020-02-25)  [2023-02-03].  https://arxiv.  org/abs/
2002.10616.

[15] Herlocher M L, Elias S, Truscon R, et al. Ferrets as a
Transmission Model for Influenza: Sequence Changes in
HA1l of Type A (H3N2) Virus[J]. The Journal of
Infectious Diseases, 2001, 184(5): 542-546.

[16] Belser J A, Barclay W, Barr 1, et al. Ferrets as Models for
Influenza Virus Transmission Studies and Pandemic Risk
Assessments[J]. Emerging Infectious Diseases, 2018, 24
(6): 965-971.

[17] 3K 3. HE 2 3t 18 55 H3 Bt Ji b Ak % A% S 0 A 0T 90

[D]. Lifg: & H K2, 2005.

Zhang Wentong. Research for H3 Antigenic Evolution

and Variation Rule of Influenza a Virus[D]. Shanghai:

Fudan University, 2005.

IRAEW, AR B, 75 8 7. B R AL e 1 S 2 2%

SIVRE i A FEAR AL FE[CL/ 5827 it b B 4 ] 5t S 2

BB SCEECR ). 7 8 (EH] 5 Y sk ) 9 48 55, 2015:

2173-2178.

[19] &k, 483, RISCHE, 55, TAREEM 2% B RA R 7K

SIAS & FE A AL [J]. KA 2240 (A AR E/R), 2019,

16(5): 116-120.

JUIT. BRI (13 ) 54T 9 5 s R i T [D].

R 7 2K, 2020.

Kang Ting. Dynamic Behavior and Optimal Control of

Avian Influenza Models[D].

University, 2020.

[21] FRuE. T30 A% 505 00 A% e 1% 3 3 ) 2 A 5 23 A
[D]. A Jgi: 1L K, 2020.

Zhang Jie. Modeling and Analysis of Infectious Disease

[18

—_

[20

[

Yinchuan:  Ningxia

Transmission Dynamics Based on Genetic Algorithm[D].
Taiyuan: Shanxi University, 2020.

[22] e, 52 4 b 1AL G R G082 iR i 5
M H[D]. KM thvh K2, 2020.

RGN AR

Journal of System Simulation Jul. 2024

Vol. 36 No. 7

Luo Xiaofeng. System Dynamics Modelling Analysis
and Application of Infectious Diseases in Networks[D].
Taiyuan: Shanxi University, 2020.

(23] ZF Mk, AR B BT RE AR S IR AR N R

COVID-192E 5 # 2 T [T]. 4 R4 55 3%
Bl 2021, 18(4): 1-8.
Li Zhi, Song Min. Transmission Dynamics of
Coronavirus Disease 2019 Based on "Virus Variants" and
"Environment-to-human"[J]. Complex Systems and
Complexity Science, 2021, 18(4): 1-8.

[24] X1 55 . Hrek VAT 39300 ) 2R e DU AL AT R AIE S AT

AIMBEFE[D]. M T EFRERE, 2022.
Liu Yong. Epidemiological Characteristics and Trend
Prediction of Influenza during the COVID-19 Epidemic
in Guangdong Province[D]. Guangzhou: Guangzhou
Medical University, 2022.

[25] #rizt. PR s 7 B 2 WV (R R AL 7T (D). b st

BN AR ZEF B2 22 2B, 2015.
Jin Yuan. Research on the Evolution of Major Subtypes
in Influenza a Virus[D]. Beijing: Chinese People's
Liberation Army Academy of Military Medical Sciences,
2015.

[26] H 4L, D S R RGN 784 e PR T 75 il 4 I AT i 3
BT FE[D]. ik sk K27, 2021.

Zheng Jiachun. Approach on the Epidemic Trend of
COVID-19 Based on Bayesian Model[D]. Shantou:
Shantou University, 2021.

[27] 20K, XK, AW, &5 JE T 2 RN GOE f v 2

FFERRLT]. B TR R (R B 5 & B TR,
2023, 45(1): 13-20.
Li Haibing, Huang Ge, Fang Zhiming, et al. Virus
Transmission Model Based on Multi-level People
Circulation[J]. Journal of Wuhan University of
Technology(Information & Management Engineering),
2023, 45(1): 13-20.

[28] XUFR 75, By s, Jafg, &5, 5L Tk ge 7 55 S 1 F (13

TR gk PR 9 25 Ml A 155 1% SR AL [T). A=A 2 5 W)
bR, 2022, 49(10): 1874-1888.
Liu Chengfang, Liang Yuchao, Zhou Jian, et al.
Transmission Model of COVID-19 Pandemic Based on
Infectivity and Immunity[J]. Progress in Biochemistry
and Biophysics, 2022, 49(10): 1874-1888.

http: // www.china-simulation.com

° 1728 ¢

https://dc-china-simulation.researchcommons.org/journal/vol36/iss7/17
DOI: 10.16182/j.issn1004731x.joss.23-0478

16



	Interaction Between Virus Transmission Variation and Population Crossover Activity and Diffusion Model
	Interaction Between Virus Transmission Variation and Population Crossover Activity and Diffusion Model
	Abstract
	Keywords
	Authors
	Recommended Citation

	/var/tmp/StampPDF/lqQZ6jBEjw/tmp.1725069604.pdf.ydPdZ

